We assessed brainstem inflammation in children exposed to air pollutants by comparing brainstem auditory evoked potentials (BAEPs) and blood inflammatory markers in children age 96.3 ± 8.5 months from highly polluted (n = 34) versus a low polluted city (n = 17). The brainstems of nine children with accidental deaths were also examined. Children from the highly polluted environment had significant delays in wave III (t(50) = 17.038; p < 0.0001) and wave V (t(50) = 19.730; p < 0.0001) but no delay in wave I (p = 0.548). They also had significantly longer latencies than controls for interwave intervals I-III, III-V, and I-V (all t(50) > 7.501; p < 0.0001), consisting with delayed central conduction time of brainstem neural transmission. Highly exposed children showed significant evidence of inflammatory markers and their auditory and vestibular nuclei accumulated ␣ synuclein and/or ␤ amyloid . Medial superior olive neurons, critically involved in BAEPs, displayed significant pathology. Children's exposure to urban air pollution increases their risk for auditory and vestibular impairment.
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a b s t r a c t
We assessed brainstem inflammation in children exposed to air pollutants by comparing brainstem auditory evoked potentials (BAEPs) and blood inflammatory markers in children age 96.3 ± 8.5 months from highly polluted (n = 34) versus a low polluted city (n = 17). The brainstems of nine children with accidental deaths were also examined. Children from the highly polluted environment had significant delays in wave III (t(50) = 17.038; p < 0.0001) and wave V (t(50) = 19.730; p < 0.0001) but no delay in wave I (p = 0.548). They also had significantly longer latencies than controls for interwave intervals I-III, III-V, and I-V (all t(50) > 7.501; p < 0.0001), consisting with delayed central conduction time of brainstem neural transmission. Highly exposed children showed significant evidence of inflammatory markers and their auditory and vestibular nuclei accumulated ␣ synuclein and/or ␤ amyloid 1-42 . Medial superior olive neurons, critically involved in BAEPs, displayed significant pathology. Children's exposure to urban air pollution increases their risk for auditory and vestibular impairment.
© 2011 ISDN. Published by Elsevier Ltd. All rights reserved.
Introduction
Environmental pollutants, chemicals, metals and drugs have a detrimental, sometimes irreversible impact upon the developing central nervous system in children (Danzer, 2008) . Air quality in Mexico City (MC) has been recognized as among the worst in the world (Bravo-Alvarez and Torres-Jardón, 2002; Molina et al., 2007) . Since pollution levels in MC have been sustained or worsened in Abbreviations: BAEPs, brainstem auditory evoked potentials; 8OHdG, 8 hydroxideoxyguanosine; MC, Mexico City; MSO, medial superior olive; SOC, superior olivary complex; SWMC, Southwest Mexico City; O3, ozone; PM, particulate matter; PM-LPS, lipopolysaccharides-associated with PM; PM2.5, particulate matter less than 2.5 m in diameter; PAHs, polycyclic aromatic hydrocarbons; PFC, prefrontal cortex; NAAQS, National Ambient Air Quality Standard.the last 20 years, exposures of today's children begins in utero and impacts neurological function for their entire life (Bravo-Alvarez and Torres-Jardón, 2002). MC children are frequently exposed all year long, at least several hours per day, to a significant burden of air pollutants, including concentrations above the current USA standards for ozone (O 3 ), and particulate matter < 2.5 m in diameter (PM 2.5 ) , as well as lipopolysaccharides-associated with PM (PM-LPS) (Bonner et al., 1998; Bravo-Alvarez and Torres-Jardón, 2002; Rosas-Pérez et al., 2007; Molina et al., 2007; Querol et al., 2008) .
In a cohort of MC residents, including children aged 2-17 years, we found brainstem vascular pathology with significant immunoreactivity (IR) of endothelial cells to vascular cell adhesion molecule-1 (VCAM-1) and strongly stained mononuclear perivascular cells and microglia-like cells with CD163, CD68, and HLA-DR (Calderón-Garcidueñas et al., 2008a) . Alpha-synuclein neuronal aggregation -the early neuropathological hallmark of sporadic Parkinson's disease -and accumulation of 3 nitro-tyrosine and 8-hydroxydeoxyguanosine (8-OHdG)-evidence of oxidative stresswere also detected in MC children's brainstem nuclei (Calderón-Garcidueñas et al., 2008a) .
